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Detecting signatures of fractional quantum Hall states in few-particle systems remains an outstanding chal-
lenge. In this work, we numerically analyze the center-of-mass Hall drift of a small ensemble of hardcore
bosons, initially prepared in the ground state of the Harper-Hofstadter-Hubbard model. By extracting the Hall
conductivity in a wide range of the magnetic flux, we identify an emergent “Hall plateau” compatible with a
fractional Chern insulator state, whose width agrees with the spectral and topological properties of the prepared
ground state. Our calculations suggest that fractional Chern insulators can be detected in cold-atom experiments,
using available detection methods.
Introduction. Important progress is being made in view of
realizing and detecting strongly-correlated topological phases
of ultracold atoms in optical lattices [1, 2]. On the one hand,
experimental efforts have been dedicated to the creation of
artificial gauge fields [3, 4] and topological Bloch bands [2]
for neutral atomic gases, leading to concrete measurements of
topological properties [5–21]. On the other hand, theoretical
studies have identified realistic schemes for preparing and sta-
bilizing small atomic ensembles in fractional Chern insulators
(FCI) [22–29], which are lattice analogues of fractional quan-
tum Hall (FQH) liquids [30, 31]; they also proposed meth-
ods to probe their main characteristic features [32–40]. This
progress should soon lead to the realization of FCIs in small
atomic ensembles, and to the possibility of observing their
properties. However, identifying clear and accessible topo-
logical signatures of FCIs in small interacting atomic systems
still constitutes a central challenge. In fact, this question con-
cerns a wide range of quantum-engineered platforms, includ-
ing strongly-interacting photonic systems [41–43].
The canonical signature of FQH states is provided by the
Hall conductivity, i.e. the linear-response coefficient relating
an induced transverse current to the applied force. In the
FQH effect, the Hall conductivity is quantized to a value
σH/σ0 ∈ Q in the thermodynamic limit [44]; σ−10 = RK
is von Klitzing’s constant. The Hall response is also acces-
sible in ultracold atoms; it has been measured in weakly-
interacting gases through various schemes, including center-
of-mass drifts [6, 17, 21, 45–47] and local currents [20, 48],
and more indirectly, through collective-mode excitations [49]
and circular dichroism [18]. Whether the Hall response could
be used to detect FCIs in few-body systems remains an impor-
tant question to be addressed.
In this Letter, we numerically analyze the Hall drift of a
small ensemble of strongly-interacting (hardcore) bosons, ini-
tially prepared in the ground state of the Harper-Hofstadter-
Hubbard model [50, 51]. Building on Refs. [6, 52], we mon-
itor the center-of-mass of the prepared state upon releasing it
into a larger lattice while applying a weak static force. This
Hall drift measurement, which provides an estimation of the
Hall conductivity in the prepared state, is performed in a wide
range of magnetic flux values [Fig. 1]. We identify a win-
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Figure 1. (a) The Hall drift protocol: The prepared FCI state is re-
leased into a larger lattice and a uniform force is applied. The Hall
conductivity is extracted from the center-of-mass drift transverse to
the force. (b) Sketch of the Hall conductivity σH(α) as a function of
the flux density in the Harper-Hofstadter-Hubbard (HHH) model. In
the continuum limit α 1, the system follows the classical predic-
tion σH = ρ/α, where ρ is the particle density. In the vicinity of the
filling factor ν = ρ/α = 1/2, a fractional Chern insulator (FCI) is
formed and σH(α) depicts a plateau in the thermodynamic limit.
dow of decreased sensitivity to the magnetic flux, reminiscent
of the Hall plateaus that are expected in the thermodynamic
limit, where the extracted Hall conductivity is compatible with
finite-size estimations of the many-body Chern number [40].
This window coincides with the region where we identify an
FCI ground state through entanglement spectroscopy. Our re-
sults indicate that FCI states composed of few bosons (N≥3)
can be identified through Hall drifts under realistic experimen-
tal conditions.
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2The Hall drift protocol. In this work, we numerically ex-
tract the Hall conductivity σH from the center-of-mass drift
of an initially prepared state upon applying a weak external
force. This center-of-mass probe [6, 52, 53] is particularly
suitable when considering a very small ensemble of particles,
for which local currents substantially fluctuate. Besides, in
order to limit boundary effects, we release the initially pre-
pared state into a larger lattice [52, 54] before monitoring the
center-of-mass drift. This protocol is implementable in cold-
atom experiments, where tunneling can be dynamically tuned
and center-of-mass motion measured [6, 17, 21, 45–47]. In
our simulations, the time scales associated with the progres-
sive release of the inner system, as well as the duration of
the Hall-drift measurement, are adjusted to avoid boundary
effects due to the outer edge (i.e. the finite simulation box).
The center-of-mass drift transverse to the applied force F ,
i.e. the Hall drift x⊥(t), allows one to extract the Hall velocity
v⊥ = x⊥(t)/t, upon reaching a stationary regime within lin-
ear response. This center-of-mass Hall velocity is related to
the transverse current density through the relation v⊥=j⊥/ρ,
where ρ denotes the particle density. From the transport equa-
tion, j⊥ = σHF , one extracts the Hall conductivity through
the relation σH = (ρ/F )v⊥. Setting ~ = 1, the conductivity
quantum reads σ0=(1/2pi), so that σH/σ0=(2piρ/F )v⊥.
For a translationally-invariant quantum system consisting
ofN interacting particles moving in a uniform magnetic field,
the center-of-mass dynamics are independent of the interac-
tion strength [55–57] and the Hall conductivity follows the
classical (Drude) prediction, σH/σ0 = ρ/α, where α denotes
the number of flux quanta (Φ0 = 2pi) per unit area. In this
setting, the Hall velocity reads v⊥ = F/2piα, and thus, it
does not depend on the particle number N . This classical
behavior breaks down upon breaking translational symme-
try (e.g. by adding a lattice, disorder or an edge [58]), hence
opening the possibility for quantized Hall plateaus σH/σ0 =
νMBCh ∈Q around filling factors that correspond to incompress-
ible states [44, 57]; here the quantity νMBCh denotes the many-
body Chern number, a topological invariant associated with
the ground-state of the many-body system [59, 60].
Microscopic model and ground-state properties. In this
work, we study the emergence of quantized Hall plateaus in
the center-of-mass dynamics of strongly-interacting bosons
moving on a 2D square lattice in the presence of a uniform flux
per plaquette. The corresponding Harper-Hofstadter-Hubbard
(HHH) Hamiltonian reads [50, 51]
Hˆ0 =− J
(∑
m,n
aˆ†m,n+1aˆm,n + e
i2piαnaˆ†m+1,naˆm,n + h.c.
)
+ (U/2)
∑
m
aˆ†m,naˆm,n(aˆ
†
m,naˆm,n − 1), (1)
where aˆ†m,n creates a boson at lattice site (m,n), J denotes
the tunneling amplitude, U is the on-site (Hubbard) interac-
tion strength [61], and where the Peierls phase factors [50]
account for the presence of a flux Φ = 2piα per plaquette.
This model has been implemented in ultracold-atom experi-
ments [62] using Floquet engineering [1, 2].
Numerical simulations using periodic boundary conditions
have established that the HHH model hosts a bosonic FCI akin
to the Laughlin state [44], for strongly repulsive interactions
and filling factor ν=ρ/α=1/2; see Refs. [26–28, 32, 51, 63].
For hardcore bosons, these calculations reveal a stable FCI
ground state for α ≤ 0.3; the bulk gap is maximal around
α≈ 0.2 − 0.25 [28, 51, 63], and vanishes in the limit α 1.
This FCI is characterized by a fractional many-body Chern
number, νMBCh = 1/2, which the Hall conductivity approaches
in the thermodynamic limit [40]. For large enough systems,
these results are expected to be independent of geometry and
boundary conditions. In few-body systems, however, where
boundary effects are important, the FCI phase may exist in a
different range of ρ and α, or may even not be stable.
In our Hall-drift calculations, we consider N hardcore
bosons initially confined in a circular box containing Ns lat-
tice sites [Fig. 1(a)]. As a first step, we analyze the ground-
state properties of this few-body system in view of deter-
mining the values of ρ and α that realize a ν = 1/2 FCI
state; we will see that this parameter regime is far from the
thermodynamic-limit expectation (ρ/α = 1/2). We can first
gain some intuition from the physics of the FQH effect in
the (continuum) disk geometry. For a flux density α ≤ 0.3,
the lowest Bloch band of the single-particle Hofstadter spec-
trum contains a set of roughlyN0(α) nearly degenerate states,
which are connected to the next band by dispersive edge
states [64]. These N0(α) states are analogous [33, 34] to the
orbitals of the lowest Landau level (LLL) in the disk geome-
try; there, the ν=1/2 Laughlin state with N bosons occupies
2N−1 LLL orbitals [65]. Likewise, we may expect a ν=1/2
FCI state when N0(α)'2N−1.
We use exact diagonalization to verify the existence of the
FCI ground state in our model, and specify its phase bound-
aries based on (i) the low-energy spectrum; (ii) entanglement
spectroscopy; (iii) the occupation of single-particle orbitals.
For concreteness, we analyse N= 4 bosons in Ns=60 sites:
(i) Figure 2(a) shows the low-energy spectrum of this few-
body system; there are three avoided crossings between the
ground state and the first excited state within the range 0≤α≤
0.3, which we interpret as the finite-size signatures of three
phase transitions. We focus on the regime 0.15 < α < 0.25,
where the expected FCI bulk gap is the largest [28, 51], and no
phase transition is observed. In this regime, the approximate
degeneracy of the lowest band, N0(α)'7 [66], is compatible
with an FCI ground state candidate forN=4. We note that the
nature of the phases at α< 0.15 is likely to be non-universal
due to finite-size effects [67].
(ii) In finite geometries with edges, the topological nature
of FCIs can be revealed through the degeneracies of their edge
spectrum [33, 34]; however, this spectral signature requires a
larger number of sites and a smooth confining potential [68].
Instead, we probe the bulk quasihole excitations of the ground
state; their degeneracy is a topological fingerprint of the FCI
phase, and it can be extracted from the ground state |ΨGS〉 us-
30 5 10
0
1
2
Oc
cu
pa
tio
n 
p l
0 5 10
Orbital l
0 5 10
Laughlin
(a)
(b)
Flux density α
0.15 0.2
�
�(c)
Figure 2. Static signatures of the strongly-correlated ground state,
for N = 4 hardcore bosons in the HHH model, in a circular box
of Ns = 60 sites. The FCI stability region (shaded) is indicated ac-
cording to three markers: (a) Low-energy many-body spectrum (low-
est 10 energies per discrete rotation-symmetry sector) relative to the
ground-state energy EGS. Analyzing absolute energies (not shown)
reveals that the three local minima of the gap correspond to level
crossings, which are avoided due to finite-size effects (arrows). (b)
Particle entanglement spectrum (PES) for a bipartition with 2 parti-
cles in each subsystem. In the shaded region, the first 15 levels (blue)
are well separated from the other levels, revealing that the ground
state is topologically equivalent to the Laughlin state. (c) Occupation
of the single-particle orbitals in the ground state (histograms) and in
the exact Laughlin state on the disk (line). The orbitals are sorted in
increasing energy and angular momentum, respectively.
ing the particle entanglement spectrum [69] (PES). The PES is
the spectrum of the reduced density matrix obtained by tracing
|ΨGS〉 〈ΨGS| over a bipartition containingNA particles, while
keeping the geometry of the system intact. The degeneracy of
Laughlin quasiholes is determined through a generalized ex-
clusion principle [70]; for 2 bosons in 7 orbitals, it is 15-fold.
And indeed, for 0.15 < α < 0.25 and NA = 2, the PES in
Fig. 2(b) reveals a clear gap above the 15th state, which con-
firms the FCI nature of |ΨGS〉 in this parameter range.
(iii) To further characterize the ground state, we calculated
the occupation of each single-particle orbital. For the Laugh-
lin state on the disk, there is a uniform occupation of all 2N−1
orbitals in the thermodynamic limit, with moderate deviations
from this distribution for small systems. We find a similar dis-
tribution in the regime 0.15. α. 0.25 for the same number
of particles [Fig. 2(c)].
Overall, the two probes offered by entanglement and
occupation-number properties consistently reveal that the
ground state is in the ν = 1/2 FCI phase within the range
0.15 . α . 0.25. We have verified that these results are ro-
bust with respect to changes in the particle number (N=3, 4)
and number of sites Ns; see [66]. For fixed N , a moderate
increase of Ns moves the position of each phase transition
to smaller values of α; indeed, keeping N0(α) constant and
equal to 2N − 1 while increasing Ns requires decreasing α.
This behavior suggests the existence of an optimal value for
the particle density ρ such that the flux density of optimal bulk
gap (for constant ν = 1/2) falls in the middle of the FCI sta-
bility region (as evaluated for constant ρ).
Benchmark using non-interacting fermions. We first
benchmark the Hall-drift measurement by considering non-
interacting fermions in the Harper-Hofstadter model, at quar-
ter filling ρ= 1/4. In this setting, (integer) Chern insulators
are expected at flux densities α= 1/(4n), with n∈ Z, where
they exhibit quantized Hall plateaus σH/σ0 = n in the ther-
modynamic limit, upon small variations of the flux α. While
this result can be directly deduced from a Diophantine equa-
tion [71, 72], the actual size of these plateaus follows a rather
complicated law established by the underlying single-particle
(Hofstadter-butterfly) spectrum [50]. Furthermore, such Hall
plateaus can be altered by finite-size effects. This first numer-
ical study aims to shed some light on these properties.
Figure 3. Benchmark using non-interacting fermions: Hall conduc-
tivity extracted from the Hall drift of N =20 fermions, initially pre-
pared in a small circular box of Ns = 81 sites (i.e. quarter filling);
the release into the larger system (1005 sites) and the ramping up of
the force (F =0.2J/d) are performed over a duration τramp =15J−1,
and the Hall drift measurement over τhold =13J−1; ν localCh denotes the
local real-space Chern number; fit error bars reflect the 95% confi-
dence interval. (Inset) Single-particle spectrum E(α), for the same
box (81 sites); the Fermi level (EF ; grey curve) corresponds to the
same N = 20; filled states are colored in green (bulk states are dark
and edge states are light), while empty states are grey; EF is located
in the main bulk gap (Chern insulator) within the shaded region.
We determine the Hall drift by calculating the time-
evolution of N = 20 non-interacting fermions, initially pre-
4pared in the ground-state of the Harper-Hofstadter model
within a circular box of Ns = 81 sites (ρ ≈ 1/4), which are
then released into a larger lattice (1005 sites) and subjected
to a weak force F = 0.2J/d, where d is the lattice spac-
ing [66]. The Hall conductivity extracted from the station-
ary (linear-response) Hall drift is depicted as a function of the
flux density in Fig. 3. In the low-flux regime (α.0.1), lattice
effects are negligible and the Hall drift follows the classical
prediction σH/σ0 = ρ/α. At α= 0.25, the Fermi energy lies
within the first bulk gap of the spectrum, which yields an ap-
proximately quantized value σH/σ0 ≈ 0.91, dictated by the
Chern number νCh =1 of the fully occupied Bloch band [71];
we have verified that this measured σH matches the average
value of the local real-space Chern number [73, 74], as eval-
uated over 29 sites in the prepared ground state. The Hall
response remains approximately constant for a wide range of
flux, α ∈ [0.2, 0.32], in agreement with the Fermi level’s lo-
cation within the main bulk gap of the underlying spectrum
[Fig. 3]; we verified that the flatness of this emergent Hall
plateau, as well as the approached quantized value, improve
as the system size Ns increases. These results illustrate how
the Hofstadter-butterfly spectrum dictates the size of emergent
Hall plateaus in realistic finite-size (non-interacting) settings.
Hall drift analysis for interacting bosons. We now turn to
the Hall drift of hardcore bosons. A system ofN=4 bosons is
initially prepared in the ground state of the HHH model, using
a circular box of Ns = 60 sites. At t= 0, this bosonic cloud
is then slowly released into a larger circle (124 sites), while
the force is ramped up to the value F = 0.01J/d; see [66]
for details on the ramps used in view of reaching a stationary
regime. Our numerics show that a stationary center-of-mass
motion takes place after the ramp, during a time window of
a few tunneling times [Fig. 4(b)], from which we extract the
(constant) Hall velocity v⊥. For longer times, the center-of-
mass motion is affected by the edge of the large circle (i.e. the
finite simulation box), which sets the end of the stationary
regime; we point out that this numerical constraint is not an
experimental one, since the prepared state can be released into
a much larger lattice in realistic setups to prolong the station-
ary regime.
We extract the Hall conductivity from the stationary Hall
velocity for a large range of flux values α; see Fig. 4. First,
we find that the classical behavior σH/σ0 = ρ/α is recov-
ered [75] in the low-flux (continuum) limit [Fig. 4(c)]. The
correlated behavior of our interacting system then appears for
α≥0.1 [Fig. 4(a)]. Most strikingly, σH(α) shows clear inflec-
tions at the two values of α that determine the boundaries of
the ν = 1/2 FCI phase [Fig. 2]. Within this flux window, σH
exhibits a reduced sensitivity, suggesting an emergent plateau
related to the FCI state. In this regime, the value of σH is com-
patible with the finite-size many-body Chern number (0.294
for 4 bosons at α = 0.25), which was calculated in the torus
geometry [40]. This emergent plateau is expected to be further
accentuated in the thermodynamic limit, in view of forming a
quantized plateau at the value σH/σ0=0.5.
We have simulated our Hall drift protocol for various sys-
tem sizes Ns, considering N = 3, 4 bosons [66]. Our results
show that the ν=1/2 FCI state can be detected by measuring
the center-of-mass Hall drift of systems as small as 3 bosons
in Ns=40 sites and 4 bosons in Ns=49 sites.
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Figure 4. Hall drift of hardcore bosons in the HHH model [Eq. (1)].
After preparation in the ground state, 4 bosons confined in a circular
box (Ns = 60) are progressively released into a larger circle con-
taining 124 sites and subjected to a uniform force F = 0.01J/d. At
the end of this ramp, the center-of-mass motion is stationary for a
few tunneling times [panel (b)], permitting the extraction of the Hall
conductivity [panel (a)]; fit error bars (95% confidence) are smaller
than the dots. The boundaries of the FCI phase (shaded region from
Fig. 2) coincide with the inflection points delimiting the region of de-
creased sensitivity of σH(α). (c) Classical regime at low flux α1.
Concluding experimental considerations. For a possible
implementation of the proposed protocol, we consider the
following experimental scheme. First, the FCI is prepared
through adiabatic quantum state engineering, starting from a
topologically trivial state that undergoes a topological phase
transition to an FCI by slowly tuning the Hamiltonian param-
eters [24–29]. The adiabaticity of this preparation relies on
the finite extent of the system, which prevents the many-body
gap from vanishing at the transition point. In our scheme, the
FCI would be embedded in a lattice with more sites, which
are initially uncoupled either by switching off the tunneling
to those sites (as assumed in our numerical calculations), or
by increasing their energy with a repulsive potential. The drift
protocol is initiated by restoring the coupling to outer sites and
simultaneously ramping up a force induced by, for instance,
an optical or magnetic potential gradient [6, 46]. Finally, the
Hall drift is detected by measuring the center-of-mass position
after variable drift times. Detecting center-of-mass displace-
ments smaller than one lattice site, as depicted in Fig. 4, is
within the current capabilities of cold-atom experiments [62].
Yet, we expect that even stronger signatures are possible be-
cause experiments allow access to total system sizes and drift
times beyond the reach of exact numerics. In addition, the
ability to choose finite interactions and to tune them dynam-
ically opens up the possibility for advanced transport stud-
ies. The simplicity of this realistic experimental scheme paves
the way to the exploration of quantum transport in strongly-
correlated ultracold topological matter.
5During completion of our manuscript, we became aware of
a recent work [76], which also analyses the Hall response of
an FCI in the HHH model.
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8Supplementary material
Ramps used in our calculations
In the Hall-drift protocol described in the main text, the
force F (t) and the tunneling terms J(r, t) are slowly ramped
up until reaching a stationary regime at t = τramp; here r
denotes the radial coordinate on the 2D plane. In our numeri-
cal calculations, the force is ramped up according to the first-
order smoothstep function
F (t) =F
(
3
(
t
τramp
)2
− 2
(
t
τramp
)3)
, (2)
while we have used an exponential ramp for the tunneling
terms,
J(r, t) =J exp
(
−r −R0
R1
(τramp
t
− 1
))
, (3)
where R0 is the radius of the small circular box where the
initial state is prepared, and R1 is the radius of the larger cir-
cular box (i.e. the simulation box) into which it is released.
These ramps were used both for the hardcore-boson and non-
interacting-fermion cases (main text). We expect that the ex-
act form of the ramps should not be crucial in view of reaching
a stationary regime, as long as they are smooth enough.
Single-particle Hofstadter spectrum in a small circular box
We show the single-particle Hofstadter spectrum for a lat-
tice of Ns = 60 sites in Fig. 5, for three representative values
of the flux α. To label the eigenstates, we use the eigenvalues
of the C4-rotation operator; in this system with discrete rota-
tional symmetry [80, 81], they are equivalent to the angular
momentum modulo 4.
Considering this lattice of Ns=60 sites and a flux α≈0.2,
we have shown that the ground state ofN=4 hardcore bosons
can be identified as a ν = 1/2 FCI ground state (see main
text). In this setting, only the 7 lowest-energy orbitals have
a substantial occupation in this ground state [see Fig.2(c) of
the main text]. In Fig. 5, we show that these 7 orbitals form
the nearly-flat lowest band of the single-particle spectrum at
α=0.2.
Ground state properties and Hall drifts
for additional system sizes
In the main text, we have shown numerical data for N = 4
hardcore bosons prepared in a circular box of Ns = 60 sites.
We have obtained consistent results for other particle num-
bers N and lattice sizes Ns, (corresponding to other densities
ρ), which we present in this Appendix. For each number of
particles (N = 3, 4), we show the results for the smallest sys-
tem where Hall-drift signatures of a ν = 1/2 FCI state were
found: Ns=40 for N=3 and Ns=49 for N=4. Besides, we
have verified that the linear-response regime is reached when
using a weak force F .0.01J/d. The results presented in this
Appendix correspond to setting F =0.0001J/d.
Figure 6 shows the ground-state properties and the center-
of-mass Hall drift for N =4 bosons and Ns=49 sites. Based
on the low-energy spectra and entanglement spectroscopy, we
find clear signatures of the ν = 1/2 FCI state for 0.18≤ α≤
0.29. We point out that this shift of the FCI phase towards
larger values of α compared to the case presented in the main
text (N = 4, Ns = 60, where the FCI regime corresponds
to 0.15 ≤ α ≤ 0.25; see Fig. 2 in the main text) is consis-
tent with a larger particle density ρ = N/Ns. We observe a
decreased sensitivity of the Hall conductivity in a large flux
window, which is included in the FCI regime. We note that
the width of this emergent “plateau”, as defined by the two
inflection points located at the boundaries of this window, is
slightly smaller than the FCI region; as shown in the main text
(using Ns = 60 sites for N = 4 bosons), this discrepancy is
reduced by increasing the system size, which suggests that it
is due to the smallness of this minimal setting (Ns = 49 sites
for N=4 bosons).
For N = 3 bosons, the particle entanglement spectrum
(PES) cannot provide a topological signature of the FCI.
Indeed the PES that results from the only available particle
bipartition (2+1) corresponds to the spectrum of the single-
particle density matrix (which cannot probe topological
order). Nevertheless, for N = 3 bosons and Ns = 40 sites,
the low-energy many-body spectrum and the orbital occu-
pation are compatible with a FCI state in the flux window
0.16 ≤ α ≤ 0.28, where the Hall drift simulation reveals an
emergent Hall plateau; see Fig. 7.
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Figure 5. Single-particle spectrum forNs = 60 sites and flux density
α = 0.08, 0.12 and 0.2, labeled according to the eigenvalues of the
C4-rotation operator. The occupation of each of these orbitals in the
N=4 hardcore-boson configuration is given in Fig. 2(c) of the main
text.
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Figure 6. Properties of a system of N = 4 hardcore bosons in a circular box of Ns = 49 sites in the Harper-Hofstadter-Hubbard model. The
left column shows the characterization of the ground state through static signatures (following Fig. 2 of the main text): (a) Energy spectrum;
(b) Particle Entanglement Spectrum; (c) Occupation of the single-particle orbitals in the ground state, in increasing energy order (the line
shows the orbital occupation for the N = 4 Laughlin state on the disk, where the orbitals are sorted in increasing angular momentum); (d)
Hall conductivity as extracted from the COM Hall drift upon releasing the ground state into a circle with 113 sites and applying a force
F =0.0001J/d.
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Figure 7. Properties of a system of N = 3 hardcore bosons in an elliptic box of Ns = 40 sites in the Harper-Hofstadter-Hubbard model. The
left column shows the characterization of the ground state through static signatures: (a) Energy spectrum; (b) Occupation of the single-particle
orbitals in the ground state, in increasing energy order (the line shows the orbital occupation for the N = 3 Laughlin state on the disk, where
the orbitals are sorted in increasing angular momentum); (c) Hall conductivity as extracted from the COM Hall drift upon releasing the ground
state into an ellipse with 100 sites and applying a force F =0.0001J/d.
